This paper presents the results of research describing the thermokinetics of brown coal's (lignite) drying process in a fountain-bubble fluidized bed dryer. The drying medium was atmospheric air of a variable temperature in subsequent tests, which ranged from 27 to 70 • C. This paper presents the results of many experimental studies for two different types of brown coal: xylite, from the Bełchatów mine, and earth, from the Turów mine. The two types of brown coal are used to assess different sized coal particles and different air drying temperatures. The functions parameterizing the moisture content of dried coal at different air drying temperatures at any given time are also presented.
Introduction
In certain countries, including European countries [1] , coal is still a basic fuel in energy generation facilities (both electricity and heat). Brown coal (lignite) has a low heat value and is a commonly available fossil fuel for power generation. Lignite has very different properties depending on a number of factors, especially depending on its origin site. Lignite accounts for approximately 40% of the total coal reserves worldwide [2] and is considered a competitive raw material energy with a high security of supply [3] . However, power plants that dirrectly fire lignite have low efficiency compared to coal-fired power plants [4] , which can be improved by pre-drying, i.e., to dry the fuel before it is introduced into the combustion process [5] . The increase in the efficiency of the entire system, estimated by various sources, is up to 6% [6] [7] [8] [9] . This is the result of a reduction in demand for heat energy, which is needed to evaporate water from coal during the combustion process. The process of water evaporation from coal consumes up to 25% of the heat generated in the boiler [10, 11] . Pre-drying brown coal increases the efficiency of the system and reduces the production of carbon dioxide, greenhouse gases, and other gases harmful to humans [9, 12] . The use of pre-drying of coal also brings measurable benefits associated with the reduction of the amount of coal burned, which will result in the possibility of extending the lifetime of coal deposits by up to several years [13] . The drying technology is still developing very dynamically and uses a variety of methods [14] , from simple but efficient low-temperature pre-drying via a fluidization process [15] [16] [17] [18] to more complex processes, such as the integrated gasification combined cycle [19] or a process involving a microwave [20, 21] . Modelling is also widely used to study lignite drying issues [22, 23] . Some research used low-temperature heat for the drying process. The thermal waste energy from the energy production process is a tempting opportunity to increase the system's efficiency [2, 6, [24] [25] [26] .
The drying of brown coal in a fluidized bed installation is a typical example of a non-stationary process. In a fluidized bed, the solid particles of coal are exposed to air at a given temperature. Then, the moisture contained in it is discharged into the heating air. This process lasts as long as the moisture content of the material is in balance with the temperature and moisture content of the surrounding air. The loss of material moisture is proportional to the air temperature and the ability of the air to assimilate moisture, yet it is also dependant on the external resistance forces occurring during mass transport [27] [28] [29] [30] .
Due to the dynamic changes in many drying parameters, including moisture content, porosity and density of carbon, and the size of particles that continuously change, the fluidized bed drying process is extremely difficult to describe, model, and improve in design. Regardless, the fluidization process is extremely effective for the contact of solids with gas. There are several types of fluidization processes. A good overview has recently been provided [31] . Researchers still are trying to improve the fluidized bed techniques by combining different types of fluidization processes [25] . In this research, we combined bubbling fluidization with jet-spouted (fountain) fluidization. Understanding how operating parameters influence solids is crucial because this affects the heat transfer that sustains the reactions in the system [32] . In addition, current requirements for industrial processes require an integrated approach to sustainability [33, 34] , which leads to an increased use of waste energy [35] .
This article discusses the properties of drying brown coal from two mines located in Poland. Lignite comes from Bełchatów and Turów (depicted in Figure 1 ), significantly differing in terms of physical and chemical properties ( Table 1 ). The Bełchatów power plant has net electricity production in 2017 reached 32.3 TWh, which accounted for almost 21% of the energy produced in the National Power System. This is the highest share in the domestic electricity production of all its generators. The Bełchatów power plant has a nearly 68% share in the domestic production of electricity generated on the basis of lignite. The Turów Power Plant is a thermal, condensing, block power plant with interstage steam superheating and a closed cooling water system. Currently, it has six power units installed. The basic fuel is lignite, which is supplied by belt conveyors from the nearby Turów lignite mine. The installed capacity of the Turów power plant is 1498.8 MWe. Net electricity production in 2015 was 7.28 TWh and heat sales in this period were 0.665 million GJ. This study discusses the process of drying in a newly designed dryer in which we used a low-temperature heat source with a temperature range of 27-70 • C with high energy efficiency in comparison to solutions available on the market. The novelty of this article is the attempt to use low-temperature heat regardless of its origin. Another novelty is the development of a structural design solution of the dryer for these conditions, for which an analysis of the thermokinetics of the coal drying process is needed. Moreover, the analysis of a specific type of coal for the drying process is new. Although there are studies on this subject in the literature, referring to the heat source [16, 17] , drying methods [15] , economics of drying during the energy generation process [9, 36] , vacuum drying or nitrogen drying at higher temperatures [37] , studies unrelated to the thermokinetics of the specific type lignite drying process, or the detailed design solutions of the lignite drying equipment itself. Below are more important achievements of the conducted research on the fluidized bed drying of lignite.
Laboratory Installations
The authors used two constructions of fluidized bed devices in which the two-phase flow has the character of a fountain-bubble flow. The first installation is characterized by a very small transverse dimension, hence the name of the two-dimensional (2D) installation has been adopted for it [38] . This structure was built to better understand the phenomena occurring in the fluidized bed. The second installation is much larger and has been called a three-dimensional (3D) installation.
2D Installation
The fluidized bed chamber of the first laboratory installation of the dryer was entirely made of transparent plexiglass plate in the shape shown in Figure 2 . The thickness of the chamber is 5 cm. For the purpose of tests at low inlet velocities to the dryer chamber, the air was pressed through a compressor, whose instantaneous capacity was 21.6 m 3 /h. This study discusses the process of drying in a newly designed dryer in which we used a lowtemperature heat source with a temperature range of 27-70 °C with high energy efficiency in comparison to solutions available on the market. The novelty of this article is the attempt to use lowtemperature heat regardless of its origin. Another novelty is the development of a structural design solution of the dryer for these conditions, for which an analysis of the thermokinetics of the coal drying process is needed. Moreover, the analysis of a specific type of coal for the drying process is new. Although there are studies on this subject in the literature, referring to the heat source [16, 17] , drying methods [15] , economics of drying during the energy generation process [9, 36] , vacuum drying or nitrogen drying at higher temperatures [37] , studies unrelated to the thermokinetics of the specific type lignite drying process, or the detailed design solutions of the lignite drying equipment itself. Below are more important achievements of the conducted research on the fluidized bed drying of lignite.
Laboratory Installations
2D Installation
The fluidized bed chamber of the first laboratory installation of the dryer was entirely made of transparent plexiglass plate in the shape shown in Figure 2 . The thickness of the chamber is 5 cm. For the purpose of tests at low inlet velocities to the dryer chamber, the air was pressed through a compressor, whose instantaneous capacity was 21.6 m 3 /h. An appropriate air stream for the drying process was provided by a centrifugal fan with a capacity of 720 m 3 /h and a disposable compressor with a capacity of 2000 Pa. The flux variability was realized via a frequency converter. The inlet air temperature was controlled by two electric heaters with a nominal power of 900 W each. The 2D fluidized bed was backfilled periodically by removing the mixture outlet.
3D Installation
The 3D installation was designed and built after a series of 2D tests. A lot of experience gathered in this way has been used in its construction. The shape and dimensions of the drying chamber were selected on the basis of simulation tests [39, 40] .
The 3D installation has the following technical parameters: Figure 3 shows that the system is marked. The following are indicated: fan suction pipeline (1), supply fan (2), discharge pipeline and rectangular cross-section (3), circular discharge pipeline (4), electric heaters (5), circular discharge pipeline SPIRO (6), flow meter Vortek (7) , expansion box (8), fluidized bed drying chamber (9), raw coal storage tank (10), dry coal removal pipeline (11) , dust extraction with bag filter (12) , supporting structure of drying chamber (13), supply fan WN-1, WN-2 (14) , pressure pipe (15) , electric heater Nel-1, and Nel-2 (16) . An appropriate air stream for the drying process was provided by a centrifugal fan with a capacity of 720 m 3 /h and a disposable compressor with a capacity of 2000 Pa. The flux variability was realized via a frequency converter. The inlet air temperature was controlled by two electric heaters with a nominal power of 900 W each. The 2D fluidized bed was backfilled periodically by removing the mixture outlet.
The 3D installation has the following technical parameters: Figure 3 shows that the system is marked. The following are indicated: fan suction pipeline (1), supply fan (2), discharge pipeline and rectangular cross-section (3), circular discharge pipeline (4), electric heaters (5), circular discharge pipeline SPIRO (6), flow meter Vortek (7), expansion box (8), fluidized bed drying chamber (9), raw coal storage tank (10), dry coal removal pipeline (11) , dust extraction with bag filter (12) , supporting structure of drying chamber (13) , supply fan WN-1, WN-2 (14) , pressure pipe (15), electric heater Nel-1, and Nel-2 (16) .
The frame of the structure is made of closed profiles made of stainless steel. The walls of the chamber are made of transparent Plexiglas panels. The drying chamber consists of three sections connected together, 350 × 350 × 1000 mm in size. The whole installation was placed on a mobile platform made of steel construction. The installation is equipped with a control and regulation system, which consists of modules from National Instrument's C-Series. Moreover, Advantech data acquisition modules from the ADAM-4000 series and converters for data transmission from measuring systems (RS485/USB and RS232C/USB) were used. In the experimental installation, sensors of quantities such as temperature, pressure, moisture content, and gas volume flow were installed, as well as the measurement of the electrical energy consumption of the devices. In Figure 4b , an ideological diagram of the measurement system within the dryer chamber is shown.
The data system acquisition and control significantly simplifies the installation operation. It allows, among other things, to define the preset temperature of the drying process. Figure 5a ,b shows exemplary results of pressure and temperature distribution measurements in a fluidized bed chamber, archived and generated by the AKPiA system (Control and Measurement Instruments and Automation). The frame of the structure is made of closed profiles made of stainless steel. The walls of the chamber are made of transparent Plexiglas panels. The drying chamber consists of three sections connected together, 350 × 350 × 1000 mm in size. The whole installation was placed on a mobile platform made of steel construction.
The installation is equipped with a control and regulation system, which consists of modules from National Instrument's C-Series. Moreover, Advantech data acquisition modules from the ADAM-4000 series and converters for data transmission from measuring systems (RS485/USB and RS232C/USB) were used. In the experimental installation, sensors of quantities such as temperature, pressure, moisture content, and gas volume flow were installed, as well as the measurement of the electrical energy consumption of the devices. In Figure 4b , an ideological diagram of the measurement system within the dryer chamber is shown.
The data system acquisition and control significantly simplifies the installation operation. It allows, among other things, to define the preset temperature of the drying process. Figure 5a ,b shows exemplary results of pressure and temperature distribution measurements in a fluidized bed chamber, archived and generated by the AKPiA system (Control and Measurement Instruments and Automation). The installation is equipped with a control and regulation system, which consists of modules from National Instrument's C-Series. Moreover, Advantech data acquisition modules from the ADAM-4000 series and converters for data transmission from measuring systems (RS485/USB and RS232C/USB) were used. In the experimental installation, sensors of quantities such as temperature, pressure, moisture content, and gas volume flow were installed, as well as the measurement of the electrical energy consumption of the devices. In Figure 4b , an ideological diagram of the measurement system within the dryer chamber is shown.
The data system acquisition and control significantly simplifies the installation operation. It allows, among other things, to define the preset temperature of the drying process. Figure 5a ,b shows exemplary results of pressure and temperature distribution measurements in a fluidized bed chamber, archived and generated by the AKPiA system (Control and Measurement Instruments and Automation). The temperatures over time and at different altitudes are shown in Figure 5b . The inlet temperature, in this case, is 35 °C. The temperature change at different altitudes is shown. In Figure  6 , the temperature in time at different altitudes of the bed is shown, measured with seven temperature sensors (T 1-7) according to Figure 5b . The temperatures over time and at different altitudes are shown in Figure 5b . The inlet temperature, in this case, is 35 • C. The temperature change at different altitudes is shown. In Figure 6 , the temperature in time at different altitudes of the bed is shown, measured with seven temperature sensors (T 1-7) according to Figure 5b . 
Research Program
The main aim of the research was to determine the influence of factors like the type of coal, grain size, drying temperature, type of dryer, and drying time on the final moisture content of coal. Experimental studies were conducted in the laboratory of the Institute of Power Plants and Measurement Systems of the Opole University of Technology.
The research was carried out at a constant speed of drying airflow, which for 2D and 3D dryers was 10 m/s. This allowed obtaining the velocity of solid-phase particles of 0-8 mm grain size at the level of 1.5-5 m/s. The capacity of dried lignite portions was 0.9 dm 3 for 2D installations and 12 dm 3 for 3D installations. The bulk density of brown coal was 700-800 kg/m 3 . Constant microclimatic conditions were maintained in the room by ensuring a constant temperature and moisture content in the air.
Coal samples used for testing came from the lignite transport installation of the Turów and Bełchatów power plants, which were taken for crushers. Then, the coal was sieved to obtain a repeatable grain distribution of the tested coal samples.
The studies were carried out for two chamber geometries, which allowed for a better understanding of the fluidization phenomenon and brown coal drying process. The results obtained from both chambers will significantly facilitate advanced numerical analyses and calibrations of the existing chambers or the creation of original mathematical models. The obtained results will also be the basis for designing fluidized bed dryers on an industrial scale.
Methods
The change in the moisture content and the moisture loss from coal were continuously determined by the method of balancing the moisture content for air at the boundary of a fluidized apparatus (Figure 7) . In order to obtain high accuracy of the analysis results, the moisture content of the coal sample before and after each test was additionally determined by the thermogravimetric method.
Thermokinetics and the course of the drying process are determined using the momentary values of the changing mass of coal. To determine the values, a system was used to measure temperature, moisture content, and air pressure at the inlet and outlet of the dryer. The increase in T1  T2  T3  T4  T5  T6  T7 Tz=35 o C 
Research Program
Methods
The change in the moisture content and the moisture loss from coal were continuously determined by the method of balancing the moisture content for air at the boundary of a fluidized apparatus (Figure 7) . In order to obtain high accuracy of the analysis results, the moisture content of the coal sample before and after each test was additionally determined by the thermogravimetric method. 
One of the main problems affecting the accuracy of the obtained results is the time-varying input data, such as climatic data and temperature-dependent material properties [41] . For practical purposes, we propose a solution in which publicly available standards are used to design the equipment. We balance the air before heating, which results from the local climate. For this purpose, appropriate temperatures are adopted for calculations, which in turn are dictated by standards, and therefore the two above formulas are used, which help more accurately calculate the saturated vapor pressure at the contact surface of the material with air [42] . Further, they are also successfully used air conditioning and ventilation [43] .
On this basis, the moisture content in the air was determined to take into account the measured relative humidity [44]:
where:
 is the relative humidity of the air, p is the approximate atmospheric pressure of the humid air, psat is the saturation pressure of the water vapor.
Next, the change of relative humidity, Δw, expressed in g/kg of dry air corresponded to the moisture loss from the relation: 
where: 1, 2 are indexes of air parameters measured before and after the dryer, respectively. Drying thermokinetics is presented by determining the so-called drying curve (Figure 8 ). It describes the loss of moisture in the dried material as a function of time. The shape of the curve depends mainly on the characteristics of moisture-binding, i.e., physicochemical properties of the dried material and the heat and mass movement between the solid and gas phase. In the initial period (AB section), the material is heated, then a linear dependence of moisture loss on time (BC section) occurs. After this period, the straight line turns into a curve approaching equilibrium moisture Thermokinetics and the course of the drying process are determined using the momentary values of the changing mass of coal. To determine the values, a system was used to measure temperature, moisture content, and air pressure at the inlet and outlet of the dryer. The increase in the moisture content ∆w (g/kg) in the air corresponds to the moisture content of evaporated brown coal water, ∆w = ∆w'. The relationships occurring in the dryer chamber are presented in the balance sheet diagram (Figure 7) .
The pressure of saturated vapor as a function of temperature was determined from (EN ISO 13788:2001):
φ is the relative humidity of the air, p is the approximate atmospheric pressure of the humid air, p sat is the saturation pressure of the water vapor.
Next, the change of relative humidity, ∆w, expressed in g/kg of dry air corresponded to the moisture loss from the relation:
where: 1, 2 are indexes of air parameters measured before and after the dryer, respectively. Drying thermokinetics is presented by determining the so-called drying curve (Figure 8 ). It describes the loss of moisture in the dried material as a function of time. The shape of the curve depends mainly on the characteristics of moisture-binding, i.e., physicochemical properties of the dried material and the heat and mass movement between the solid and gas phase. In the initial period (AB section), the material is heated, then a linear dependence of moisture loss on time (BC section) occurs.
Energies 2020, 13, 684 8 of 16 After this period, the straight line turns into a curve approaching equilibrium moisture content Xr (%). Each of these periods is characterized by a different course of drying speed (Figure 8b) . 
Results and Discussion
Selected test results are shown in Figures 9-20 . Figures 9 and 10 show the influence of grain size and temperature on the drying process for both coal types. In the case of coal from Turów, the course in the examined period of time is linear for all grain sizes. In the case of coal from Bełchatów, in the first period of time, one notices the established drying conditions, yet in the next phase of drying, after about 10 min, the accelerated moisture reception takes place. In this case, the process is faster with smaller coal granulation, which can be seen in Figure 9 , where the decrease in moisture content for grain size from the range 0.4-2 mm after 19 min of drying is 9%, while for grains larger than 6.3 mm it is 7%. 
Selected test results are shown in Figures 9-20. Figures 9 and 10 show the influence of grain size and temperature on the drying process for both coal types. In the case of coal from Turów, the course in the examined period of time is linear for all grain sizes. In the case of coal from Bełchatów, in the first period of time, one notices the established drying conditions, yet in the next phase of drying, after about 10 min, the accelerated moisture reception takes place. In this case, the process is faster with smaller coal granulation, which can be seen in Figure 9 , where the decrease in moisture content for grain size from the range 0.4-2 mm after 19 min of drying is 9%, while for grains larger than 6.3 mm it is 7%. 
Selected test results are shown in Figures 9-20 . Figures 9 and 10 show the influence of grain size and temperature on the drying process for both coal types. In the case of coal from Turów, the course in the examined period of time is linear for all grain sizes. In the case of coal from Bełchatów, in the first period of time, one notices the established drying conditions, yet in the next phase of drying, after about 10 min, the accelerated moisture reception takes place. In this case, the process is faster with smaller coal granulation, which can be seen in Figure 9 , where the decrease in moisture content for grain size from the range 0.4-2 mm after 19 min of drying is 9%, while for grains larger than 6.3 mm it is 7%. (Figure 8 ). This clearly shows the heating phase of the material and the asymptotic convergence to the maximum moisture content of the coal, called equilibrium.
The comparison of the course of moisture removal from both investigated coals in different dryer geometries (2D and 3D) and in different drying temperatures is presented in Figures 13 and 14 . The presented results show that lower moisture content of coal was obtained in the 3D installation. After an hour, the difference is about 5% for coal from Bełchatów and 9% for coal from Turów, respectively. Better drying efficiency in the 3D installation results from the fact that in the volume of the fluidized bed chamber a better and more homogeneous distribution of coal fraction density in the air was obtained in the whole volume of the fluidized bed chamber. Figures 11 and 12 shows the time course of changes in the moisture content of coal in the 3D installation at different air temperatures. Assuming a uniform distribution of moisture content in the volume of the coal sample tested and water content on the surface of particles during the tests, the drying process is carried out at a constant speed at temperatures of 27-35 °C. During the drying process at higher temperatures (50-70 °C), the shape of the function becomes similar to the literature values (Figure 8 ). This clearly shows the heating phase of the material and the asymptotic convergence to the maximum moisture content of the coal, called equilibrium.
The comparison of the course of moisture removal from both investigated coals in different dryer geometries (2D and 3D) and in different drying temperatures is presented in Figures 13 and 14 . The presented results show that lower moisture content of coal was obtained in the 3D installation. After an hour, the difference is about 5% for coal from Bełchatów and 9% for coal from Turów, respectively. Better drying efficiency in the 3D installation results from the fact that in the volume of the fluidized bed chamber a better and more homogeneous distribution of coal fraction density in the air was obtained in the whole volume of the fluidized bed chamber. In order to organize the results obtained during various tests, the measurement data were approximated to the function of two variables: drying time and temperature. The result of such In order to organize the results obtained during various tests, the measurement data were approximated to the function of two variables: drying time and temperature. The result of such , (
The quality of matching the function to the measurement data is confirmed by the obtained quality assessment coefficients. Thus, the determination coefficient R2 and the corrected determination coefficient R2 of equations reached values above 0.97.
Graphical presentation of the obtained functions is presented in Figures 15-20 . Figures 15 and  16 present surface diagrams of moisture loss obtained in the 2D installation. Figure 17 
Conclusions
Lignite has highly differentiated properties depending on many factors, especially depending on its origin. This article discusses the drying properties of coal from two mines located in Bełchatów and Turów, Poland. The two coal types had significantly different physical and chemical properties. Moreover, this paper discusses the process of drying in a newly designed dryer, where we used a low-temperature heat source from the temperature range 27-70 °C with high energy efficiency in comparison to solutions available on the market. This paper presents the results of laboratory tests in the field of assessing the usefulness of a fountain type (jet spouted) and bubbling fluidized bed for brown coal drying. The results obtained for two different geometries of dryer chambers were analyzed and the results were compared with each other. An important result of the research is an increase in the efficiency of coal moisture collection with an increase in the chamber volume. High effectiveness of the fountain-bubble method in drying brown coal using a low-temperature heating medium (up to 50 °C) was also confirmed. The necessity of ensuring the essential technological parameters has been pointed out thanks to the drying process, which can be conducted intensively and with a small amount of energy consumption.
The research showed a significant influence of time and temperature on the coal drying process. With the increase in drying time and temperature, the moisture content in coal decreased, causing a decrease in the mass of dried coal particles, which consequently led to a decrease in the hydraulic resistance of the fountain and bubble bed layer.
The performance of numerous laboratory tests allowed the development of test results in the form of two variables, taking into account the two most important parameters of the drying process, i.e., temperature and time. The functions determined in this way can be used, among other things, to quickly estimate the speed and efficiency of coal drying. In addition, the results can be used to design installations on a larger technical scale. Figures 11 and 12 shows the time course of changes in the moisture content of coal in the 3D installation at different air temperatures. Assuming a uniform distribution of moisture content in the volume of the coal sample tested and water content on the surface of particles during the tests, the drying process is carried out at a constant speed at temperatures of 27-35 • C. During the drying process at higher temperatures (50-70 • C), the shape of the function becomes similar to the literature values ( Figure 8 ). This clearly shows the heating phase of the material and the asymptotic convergence to the maximum moisture content of the coal, called equilibrium.
The comparison of the course of moisture removal from both investigated coals in different dryer geometries (2D and 3D) and in different drying temperatures is presented in Figures 13 and 14 .
The presented results show that lower moisture content of coal was obtained in the 3D installation. After an hour, the difference is about 5% for coal from Bełchatów and 9% for coal from Turów, respectively. Better drying efficiency in the 3D installation results from the fact that in the volume of the fluidized bed chamber a better and more homogeneous distribution of coal fraction density in the air was obtained in the whole volume of the fluidized bed chamber.
In order to organize the results obtained during various tests, the measurement data were approximated to the function of two variables: drying time and temperature. The result of such analysis allowed us to generate an equation of continuous surface function in the time interval t = 0.3600 s and temperature T = 27 ÷ 70 • C. The obtained form of the regression equation is a polynomial function: w(t, T) = a 00 + a 10 · t + a 01 · T + a 20 · t 2 + a 11 · t · T + a 02 · T 2 + +a 30 · t 3 + a 12 · t · T 2 + a 40 · t 4 + a 31 · t 3 · T + a 22 · t 2 · T 2 (5)
Graphical presentation of the obtained functions is presented in Figures 15-20 . Figures 15 and 16 present surface diagrams of moisture loss obtained in the 2D installation. Figure 17 shows the same functions in the form of a flat graph with a color scale of a hypsometric map. Figures 18-20 show plane diagrams of moisture loss for the 3D installation.
Lignite has highly differentiated properties depending on many factors, especially depending on its origin. This article discusses the drying properties of coal from two mines located in Bełchatów and Turów, Poland. The two coal types had significantly different physical and chemical properties. Moreover, this paper discusses the process of drying in a newly designed dryer, where we used a low-temperature heat source from the temperature range 27-70 • C with high energy efficiency in comparison to solutions available on the market. This paper presents the results of laboratory tests in the field of assessing the usefulness of a fountain type (jet spouted) and bubbling fluidized bed for brown coal drying. The results obtained for two different geometries of dryer chambers were analyzed and the results were compared with each other. An important result of the research is an increase in the efficiency of coal moisture collection with an increase in the chamber volume. High effectiveness of the fountain-bubble method in drying brown coal using a low-temperature heating medium (up to 50 • C) was also confirmed. The necessity of ensuring the essential technological parameters has been pointed out thanks to the drying process, which can be conducted intensively and with a small amount of energy consumption.
The performance of numerous laboratory tests allowed the development of test results in the form of two variables, taking into account the two most important parameters of the drying process, i.e., temperature and time. The functions determined in this way can be used, among other things, to quickly estimate the speed and efficiency of coal drying. In addition, the results can be used to design installations on a larger technical scale.
The main reason for the difference in the moisture removal rate for brown coal from Bełchatów and Turów in similar thermal and flow conditions is the difference in the surface moisture content of coal. Differences in drying speed may also be caused by different content of mineral parts in the fuel and their different structure. The high ash content of lignite usually results in a greater loss of moisture during the drying process. Bełchatów coal has 19.08% of ash and Turów coal 16.62%, respectively.
A novelty in this article is the attempt to use low-temperature heat regardless of its origin. Another novelty is the development of a structural solution of the dryer for these conditions, for which an analysis of thermokinetics of the coal drying process is needed. Moreover, we present a novel analysis of a specific type of coal for the drying process, which has not been published thus far.
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